controlling the sawtooth like ECCD. NBIs generates energetic ions and supply substantial torque resources for toroidal plasma rotation, both of which affect the sawtooth period and amplitude 10 . Up to date, systematical studies of sawtooth activities during NBIs have not been 11 . The analysis of sawtooth activities in EAST NBIs heated plasma is presented in this paper, organized as follows: the experimental setup is described in section II. The behaviors of the sawtooth oscillation frequency, the magnitude of the sawtooth crash and the sawtooth periods in EAST NBIs heated plasma are presented in section III. In section IV. the sawtooth activities in NBIs plasma is discussed. Section V concludes this work.
II. Experimental setup
All of the sawtooth data used in this work are taken from the flat-top phase of plasma 
B. Sawtooth crash amplitude in NBI plasma
The secondary concern for sawtooth activities is the amplitude of sawteeth. The here can be considered consistent with the result in TEXTOR 15 . Sawtooth behavior is determined by a helical stabilization mechanism as well as the effects of energetic particles.
There is no torque stabilization effect on the precursor mode at the zero rotation point. Coupled with a low counter-NBI power, energetic particles have a feeble stabilizing effect, so the mode is most unstable at zero rotation point characterized by the shortest sawtooth period 16 . In FIG. 11, as the beam injected in the counter-Ip direction increases, the sawtooth precursor frequency is always larger than the toroidal rotation frequency for the same reason.
IV. Discussion of sawtooth activities in NBI plasma
During the continuous counter-NBI heating, sharp sawtooth crashes and longer sawtooth periods arose with the toroidal velocity change caused by the inclusion of the co-NBI shown in FIG. 12. It is worth noting that the sawteeth did not return to the original state until the toroidal velocity reverts to the same as before, which confirms toroidal rotation plays a vital role in modulating sawteeth.
In addition to supplying momentum resource, NBIs also generates a group of energetic particles as the red line shown in FIG. 12(b) , and FIG. 13 shows a linear correlation between the sawtooth period and the neutron flux, which implies that energetic particles might additionally contribute to the sawtooth period and amplitude.
V. Summary
NBIs have been proved to be useful for understanding the mechanisms of sawteeth. As the co-NBI power increases, the effect on the sawtooth periods is enhanced. And an asymmetry is 
